The control of coherence is a critical issue for the high-power lasers used in inertial confinement fusion (ICF). The level of coherence is an important parameter for the control of the light intensity distribution as well as the growth rate of parametric instabilities. Over the past few years, experimental and theoretical studies have evidenced the ability of an underdense plasma to reduce the spatial and temporal coherence of an intense laser beam propagating through it. As any process affecting laser propagation, plasma-induced incoherence appears fundamental because it can impact on parametric instabilities.
INTRODUCTION
The coupling and the propagation of the laser beams in the plasma surrounding the pellet must be well controlled to succeed in producing energy in inertial confinement fusion experiments. This implies a good understanding of the laser-plasma interaction mechanisms to keep the non linear processes at a low level. The coherence of the laser beam is an important parameter for the growth of parametric instabilities. Optical smoothing techniques, which increase spatial and temporal incoherence of laser beams, have been proposed and implemented to reduce the growth of these non linear processes1. Some contradictory results in different experiments were not completely understood, because an important effect was not taken into account. This effect has been discovered recently and improves a lot our understanding of laser-plasma interaction physics. It concerns the capability of a plasma to reduce the temporal and spatial coherence of a laser beam propagating through it. This reduced coherence leads to an overall 'plasma-induced smoothing" ofthe laser beam and modifies the non linear processes growths.
Theoretical and numerical studies of plasma induced incoherence (P11) have shown that this process can result from coupling of forward scattering processes, such as non stationary filamentation, the resonant instability of filaments and stimulated Brillouin scattering 2• P11 generates a decrease of the effective f-number of the beam and a reduction of its coherence time. Experimental signatures of the increase of the angular divergence and of the spectral width have been observed3. We have carried out an experiment with the six-beam LULl laser facility to study the temporal and spatial reduction of the coherence of a laser propagating through a preformed plasma, as well as the physical mechanisms which were involved and the consequences of P11 on stimulated Brillouin and Raman scattering (SBS and SRS). The interaction beam was either smoothed with a random phase plate or corrected from aberrations using an adaptative optics and so focused close to the limit of diffraction.
EXPERIMENTAL SET-UP
The experiments were performed with the 6-beam LULl facility at Ecole Polytechnique, using three 0.53 m beams to preform and heat the plasma from a thin exploded plastic foil, one or two I .053 m beams as interaction beams, and one 0.35 m beam as a probe beam for Thomson scattering diagnostics. The set-up is shown in figure 1 . The main interaction beam was focused with an f/6 lens either through a random phase plate, producing a focal spot diameter of 320 m (containing 62% of the total energy), and maximum average intensity of 8x10 W/cm2, or after correction of its phase front using a deformable mirror. With the adaptative optics, the focal spot diameter was 1o m, full width at halfmaximum (FWHM), with a maximum peak intensity of2xl&6W/cm2. The main diagnostics were based on the analysis of the forward scattered light at different angles and timeresolved spectra of Thomson scattered light off ion acoustic waves. The forward scattered light was analysed through 2D time-integrated far field images, time-resolved near field images, a Michelson interferometer and through a spectrometer coupled with a streak camera providing time-resolved spectra. The light was collected with an f/3 lens, with a larger aperture than the focusing lens. The Thomson scattered light with frequency close to the one of the probe beam, 3w, was collected in two directions, at 9 (-2) or at 2O (-5) from the probe beam axis. The light collected at 9 has been scattered off ion acoustic waves having small wave vector of O.6k (kO being the wave vector of the interaction beam) and propagating transversely to the interaction beam axis. The light collected at 2O has been scattered off ion acoustic waves associated with backward SBS of the interaction beam. The plasma was preformed by irradiating a thin micro disk of plastic with two 0.53 m beams from each side, I .6 ns before the arrival of the interaction beam. The initial foil thickness and the laser energies were chosen so the foil exploded a short time before the arrival of the interaction beam, producing a quasi parabolic density profile. The preformed plasma has been characterised with various techniques. The electron temperatures ranged between 0.5 and 0.7 keV during the interaction pulse. The electron density at the top of the plasma profile decreased exponentially in time from 0.3 c to 0.07 nc (nc is the critical density for 1 .053 m light). The typical scale length of the inverse parabolic profile ofthe plasma was 700 m.
INDUCED SPATIAL INCOHERENCE
A first evidence of the decrease of the spatial coherence had been obtained from the diffraction patterns of an object in the beam after propagation through the preformed plasma. The diffraction fringes produced by the edges of the element of the RPP placed just before the chamber on the interaction beam looked very clear after propagation through vacuum and became blurred when propagating through the plasma at high laser intensities. This blurring was interpreted by the superposition of slightly shifted patterns produced by enhanced angular spreading of the laser light'.
Another signature of the induced spatial incoherence was obtained from the temporal evolution of the near field pattern of the transmitted light, recorded with a gated optical imager (GOl), as shown in figure 2. The time of integration was 80 ps. One can clearly see an increase of the angular distribution after the peak of the pulse, compared to the one recorded early in the pulse. The angular distribution was much narrower when the incident intensity was reduced.
INDUCED TEMPORAL INCOHERENCE
Evidence of induced temporal incoherence was obtained from the spectra of the scattered light which exhibit, at high intensity, both large broadening and large red-shifts. A typical time-resolved spectrum at O-1O is shown in figure 3 . The spectrum exhibits two spectral components : a thin component with a shift in agreement with the value given by classical forward SBS, and a second component which is red-shifted by a few Angstroms, broad, with temporal and spectral structures, starts later than the first component, and lasts until the end of the laser pulse. Its shift decreases as a function of time. The shift, width, duration and amplitude of the red-shifted wing all increase with incident intensity. The traces of the two spectral components are shown as a function of time in figure 4 . The first component starts early in time and stops before the end of the pulse and exhibits a smooth temporal behaviour. The second component starts later and exhibits lots of temporal structures. The temporal coherence can be deduced from the time-resolved spectra using the Wiener-Khintchine theorem which states that the Fourier transform of the power spectrum is equal to the variation of the visibility as a function of time. This is reported in reference 5. To complete this work, direct measurements of the coherence time were obtained with a Michelson interferometer. Time-resolved interference patterns of the forward scattered light were recorded as a function of the interaction laser intensity and the delay between the two arms of the interferometer. We observed in figure 5 that, at an intensity of I 14 W/cm2 and a delay of 8 ps, the fringes, which can be clearly seen at the beginning of the pulse, get blurred around the peak of the pulse and recover a good visibility at the end of the pulse. At an intensity of 1 O' W/cm2 and with the same delay, the blurring appears later in time and lasts for a shorter time. At lower intensity, 1011 W/cm2 the fringes stay clear for all the pulse duration. Using both diagnostics, we determined the coherence time of the output interaction beam for a wide range of laser and plasma conditions. The coherence time decreases as the laser intensity or the plasma density increases.
The minimum coherence time that we observed was -4 ps. 
PHYSICAL MECHANISMS INVOLVED IN PLASMA INDUCED INCOHERENCE
Theoretical work has shown that P11 may be the result of coupled forward scattering processes, including self-focusing, filamentation, the resonant instability of filaments and stimulated Brillouin scattering (SBS). Many features of the experimental results are in agreement with these processes. The red-shifted component observed in the forward scattered light can be explained by forward SBS growing in high intensity self-focused speckles, where the rapidly decrease of density could be responsible of the large red shift by self phase modulation. The instability of filaments can lead to the filament destruction and consequently detrapping of the light from the channel, resulting in a spiky behaviour of this light. This is what is observed for the red-component in figure 4 . In experiments with crossed beam irradiation6 the plasma induced incoherence was stronger and the bursts were also more contrasted (see Fig. 8 ).
An experiment was specially designed to study the evolution of the intensity distribution of a single filament propagating through the plasma. We used a deformable mirror and an adaptative optic loop to focus the interaction beam close to the diffraction limit. We varied the single hot spot intensity to cover the range of speckle intensities of the RPP beam. Time-integrated far field images were recorded to study the intensity distribution in the vacuum or after propagation of the beam through the preformed plasma. Beam break up was observed for intensities larger than iO'3 W/cm2 as can be seen in figure 6 . This means that many of the high intensity speckles of the RPP beam go through self-focusing and break up which are responsible for the observed P11. through vacuum Figure 6 : Far field intensity distribution through vacuum and through a preformed plasma for two laser intensities
Another experiment was designed to observe the ion acoustic waves which develop in the self focused speckles. From the numerical simulations, these waves have small wave vectors transverse to the interaction beam.
Using a Thomson scattering diagnostic, we have observed these waves as well are their spatial and temporal behaviour. This is exposed in another paper of these proceeding7. Good correlation with the other signatures of P11 gave us a good confidence on the participation of these ion acoustic waves in P11.
CONSEQUENCES OF P11 ON STIMULATED SCATTERING INSTABILITIES
Plasma induced incoherence has been predicted to have a strong effect on the parametric instabiIities. The Thomson diagnostic demonstrated that ion acoustic waves associated with P11 were located in a different parts of the density profile along the laser propagation axis compared to the location of ion acoustic waves associated with backward SBS. This is shown in figure 7 . They also show that the ion acoustic waves associated with backward SBS disappeared in time when the ion acoustic waves associated with plasma smoothing started to grow. This may be the first experimental evidence of the hindrance in space and time to the backward SBS due to plasma smoothing. In a second experiment, enhancement of extreme forward scattered light of a laser beam in the presence of a second, identical, laser beam, crossing the first one at 22,5° has been observed6. The spectral analysis of the forward scattered light showed that the additional forward energy was added in a non linear way to the red-shifted component (Fig. 8 ). An overall increase of the forward scattered light of 2.3 has been measured. The large angle forward SBS between directions of two beams was triggered by single beam plasma induced smoothing effects. In addition to enhancing spectral width and angular spreading the forward SBS can contribute to the energy exchange between the beams. An effective plasma smoothing for the crossed beam irradiation was also responsible for the reduction of backward SBS reflectivity. Complementary diagnostics have shown the reduction of spatial and temporal coherence of a laser beam after its propagation through a preformed plasma. The results are in agreement with the principal trends of the physical mechanisms involved in P11, in particular concerning the effect of the laser intensity and the plasma electron density. Plasma induced incoherence may be important in the context of laser fusion by modifying the growth of parametric instabilities.
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